tion. We agree with these speculations, as explained below.
The anoxic water mass of Chesapeake Bay is bounded laterally by the bay channel itself. The anoxia has a considerably longitudinal extent and is also bounded longitudinally by the deep portion of the channel. Biggs and Flemer (4) showed that the source of carbon to the mid-bay region is internal primary production and that there is a net loss of only 16 percent from circulation effects. Thus, for a location in the midportion of the bay, we may consider the concentration of dissolved oxygen to be determined by the vertical exchange rate relation dC= dR + K1 (C, C) K2C dt d dt (1) where the critical condition relates to the magnitude of the (ld)(dRldt) term with respect to the K1(CI -C) term.
The benthic respiration rate may be expressed in terms of the benthic oxygen demand c by the first-order decay relation -dR = dc = -kc dt dt (2) where k is the decay constant (reciprocal days). Nixon (5) showed, from a synthesis of measurements taken for a variety of coastal marine ecosystems, that there is a linear relation between the yearly, integrated value of primary production and the corresponding value of benthic respiration, with a proportionality constant a of around 0.25. Thus we may express the mean respiration rate for the mid-bay region at any given time t in terms of the mean primary production rate p(to) at some earlier time to by ( cited an average sinking velocity of 1 m/ day for particulate organic material in Funka Bay, Japan. Equation 3 states that the respiration rate at a time t is given by the product of the decay constant at the same time and the total amount of organic detritus available for oxidation. The most sensitive parameter in this relation is the decay constant k. In particular, if the decay constant is large, essentially all the organic detritus related to a given period of plankton bloom will be oxidized during or shortly after the bloom, and little will be left for oxidation during the following spring, when stratification of the water column occurs.
The decay constant is a function of ambient water temperature T and dissolved oxygen concentration C. It is often expressed by an empirical relation of the form ty increases of six to eight times. From tion have been included in the calculaa = 0.25 and a respiratory quotient of tions. As illustrated in Fig. 2 , the princiunity (10), the calculated yearly benthic pal result is that the small value of ko, in respiration rate is 785 g of oxygen per conjunction with the low levels of dissquare meter, also a high value. No solved oxygen in summer and the low possible effects of anerobic decomposi-temperatures during winter, has the ef- tively. Boynton et al. (14) noted that the model approach for the midportion of yearly respiration rate of 730 g of oxygen Chesapeake Bay (17) . The vertical nonper square meter was comparable to the advective (Ev) and advective (Qv) (S2' -SI)
The rate of reoxygenation across the where R is Susquehanna River flow in halocline may be estimated from the cubic meters per day and the various distribution of salinity in the water col-salinities are as defined in Fig. 3 . The umn by using a two-dimensional, box coefficients of Eq. 1 are given, in turn, (1) and 1970 (20) .
A by K1 = EVIV and K2 = Q,IV, where V is total volume (cubic meters) of the water mass beneath the halocline in the mid-bay portion. Taft et al. (18) (19) . The
Taking nominal values for benthic respiration rate in spring of dRI dt = 2.0 g of oxygen per square, meter per day and d = 10 m, the' first term in Eq. 1 will be -0.20 mg of oxygen per liter per day. The second term will have a maximum value when the lower water mass is nearly anoxic and the upper water mass saturated, or C1 -C 10 mg of oxygen per liter, giving values of 0.12 and 1.20 mg per liter per day during summer and winter, respectively. Thus with the onset of spring stratification the benthic respiration rate will be dominant over the reoxygenation rate, and dissolved oxygen in the lower water mass will decrease to zero and stay there as long as the water column remains stratified. With the return to a more mixed column in fall the reoxygenation rate will be considerably in excess of the benthic respiration rate, and the level of dissolved oxygen in the deep waters will return rapidly to normal.
Starting with an equilibrium condition for the winter months, dissolved oxygen in the lower water mass will be around We have sought to demonstrate quantitatively that the principal causative agents for the Chesapeake Bay anoxia are a combination of benthic respiration and increased water column stratification during summer. To extend the analysis, particularly toward a definition of the widespread hypoxic conditions found at present, a number of additional processes must be considered: 1) Both the longitudinal and lateral circulation and tidal mixing exchanges from the mid-bay to the upper and lower portions of Chesapeake Bay and to the Patuxent and Potomac estuaries have to be included.
2) It is important to know the nutrient inputs to the bay ecosystem as a whole and to the mid-bay portion in particular.
3) The dynamics of internal recycling of nutrients through photosynthesis and respiration and through benthic remineralization are important. For example, 6 JANUARY 1984 there may be a positive feedback when the bottom areas covered by anoxic waters expand, causing increased remineralization of phosphorus from the sediments, which may further stimulate primary production.
4) The degree of summer water column stratification is critical. It is important to have a quantitative description of its seasonal development and dependence on Susquehanna River flow and other factors. 5) Effects of the spring diatom bloom in the lower Chesapeake Bay have to be considered in terms of the contribution to the expanded hypoxic conditions and the loading of organic detritus through gravitational circulation to the mid-bay region.
6) It is important to assess water column respiration effects beneath the halocline, particularly during the summer and fall months.
Historical Development
The anoxic conditions in the midportion of Chesapeake Bay have reached their present state gradually in recent historical time. In several of our figures we have attempted to illustrate these historical changes within the liihits of existing data. Figure 4 shows the seasonal change in dissolved oxygen at a 20-in depth for a station in the bay channel off the mouth of the Patuxent estuary as observed by Newcombe and colleagues (1) ir 1936 to 1938 and as observed at the same station and depth in 1970 by Taylor and Cronin (20) . In 1936 to 1938 there were generally low levels of dissolved oxygen during summer, with occasional zeros; by 1970 there was consistent anoxia in the summber months. The anoxia now begins in May and extends into September. Figure 5 illustrates the change in dissolved oxygen along the main channel of Chesapeake Bay between the summers of 1949 and 1950 (Fig. 5A) and the summer of 1980 (Fig. SB) . During 1949 and 1950 the deep portion of the bay channel, extending from about 100 to 260 km, had low dissolved oxygen levels and would be described as hypoxic. By 1980 these same waters were anoxic. Figure 6 shows the corresponding changes in the areal extent of the hypoxic and anoxic condition for the waters at the bay bottom. In 1950 (Fig. 6A) , hypoxic conditions were restricted to the mid-bay channel. By 1980 (Fig. 6B) , these waters were anoxic, and the hypoxic conditions covered much of the remainder of the bay bottom. Baltimore to the mouth of the Potomac estuary and includes portions of the lower reaches of the Potomac and Patuxent estuaries.
Although there are year-to-year variations in the degree of water column stratification, there apparently has not been a long-term trend in the related Susquehanna River flow. For example, the Susquehanna spring flows for 1950 and 1980 (Figs. 5 and 6) were the same. On the other hand, there has been a historical increase in yearly plankton production and related nutrient inputs to the bay system (21, 22) . Of the two causative agents it appears that benthic respiration rather than water column stratification has been the controlling factor in the historical increase in anoxia.
Ecological Significance
The ecological and economic significance of summer anoxia and hypoxia in Chesapeake Bay may be substantial. The specific effects and their magnitude are only partly known, but some conclusions can be drawn from limited published observations, anecdotal reports (especially from commercial fishermen), and speculations based on current knowledge of the biological components and processes of the bay.
Sessile benthic biota in the bay includes oysters, clams, many additional molluscs, coelenterates, crustaceans, worms, algae, the spores of resting stages of diatoms, other phytoplankton, and bacteria. These organisms are killed when the combination of temperature, hypoxia, and duration of exposure exceeds their tolerances. Some species, like the oyster, have impressive defense mechanisms, but these are overcome relatively quickly. Very large quantities of benthic organisms may be killed in the central Chesapeake during the summer, and the areal extent and therefore the magnitude of the effect have increased substantially. The results might extirpate species, reduce the food supply of benthic feeders, and interfere with the life cycle of such merobenthic species as the sea nettle (Dactylometra quinquecirrha) and some diatoms.
Mountford et al. (23) reported regular depletions of oxygen to pear zero each summer from 1971 to 1974 at 9 m near Cove Point on the western shore north of the Patuxent estuary mouth. The companion paper by Holland et al. (24) described high mortalities each summer in the macrobenthic community, resulting in near-total faunal depletion. Recolonization followed each fall and resulted in (28) . (33) . Dinoflagellates are motile; when they encounter the anoxic water mass during their spring transport, they avoid it and continue moving up estuary along the surface of the anoxic waters near the halocline. Diatoms, on the other hand, are not motile; when they encounter the anoxic waters in a corresponding early spring transport, they sink to the bottom and are prevented from passing into the upper and middle bay (34) . In addition, recent experiments demonstrate that exposure to low oxygen concentrations inhibits the germination of diatom spores (35) .
Thus it appears that the ecological effects of the anoxic and hypoxic water are large. Many species that play fundamental roles in the food web and biology of Chesapeake Bay are in decline, as are several species of key economic importance to the region. In response to concerns that decisions regarding the funding of scientific research are being made in a political atmosphere, on 10 December 1983 the AAAS Board of Directors issued the following statement: "In the long-standing relationship between government and science in the United States, major responsibility for funding basic scientific research has settled upon the government partner. For its part, the scientific community has accepted primary responsibility for defining research needs and opportunities and providing assurance that public funds are allocated on a priority basis, through peer review. For either partner to breach its responsibility carries serious risk to the solidarity of what has proved an extraordinarily effective partnership.
"The Board of Directors of the American Association for the Advancement of Science is concemed that failures to adhere both in principle and in practice to criteria of scientific choice at all times will serve only to diminish public confidence in the peer review system as the basis for allocating national resources, with serious negative consequences for the integrity and advancement of science."
